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[Objectives]Methimazole (MMI) is a first-line therapeutics used to manage hyperthyroidism and 
Graves’ disease in human. It inhibits thyroperoxidase activity, thereby inhibiting thyroid hormone 
(TH) biosynthesis. Several reports demonstrated that hypothyroidism occurs following 
inappropriate MMI dosage treatments in patients, hence resulting in neuropsychiatric disorders 
such as depression, psychomotor disorder and cognitive impairment. Recently, we succeeded to 
develop a cognitive enhancer SAK3, a T-type voltage gated calcium channel (T-VGCC) stimulator 
to improve cognition in Alzheimer’s disease patients. Here, we document the 




Figure 1: Molecular structure of MMI and SAK3 
[Methods] Female ddY mice were treated with MMI (75 mg/kg, i.p.) once or twice. In the first 
experiment, we evaluate the chronic treatment effect of SAK3. MMI-treated mice were 
administered SAK3 (0.1, 0.5 and 1.0 mg/kg, p.o.) daily for 7 days 24 hours after single MMI 
injection and then were subjected to various behavioral tests. In the second experiment, we 
Methimazole SAK3 
evaluate the acute effects of SAK3 in twice treated mice. When tested effects of inhibitors, 30 
minutes prior to SAK3 (1.0 mg/kg, p.o.) administration, mice were treated with or without α7 
nicotinic acetylcholine (ACh) receptor (nAChR) selective inhibitor methyllycaconitine (MLA: 12 
mg/kg, i.p.) or T-VGCC specific blocker NNC 55-0396 (25 mg/kg, i.p.). After behavioral analyses, 
animals were subject to biochemical and immunohistochemical analyses.  
 
 
Figure 2: Experimental design for chronic SAK3 administration in single MMI injection model 
 
 



















































































[Results] Single MMI injection disrupted the morphology of glomerular in the olfactory bulb (OB) 
when assessed by olfactory marker protein (OMP) expression. We also confirmed significant 
reduction of serum T4 levels. The number of choline acetyltransferase (ChAT)-positive cells, a 
marker of cholinergic neuron, was significantly decreased in the medial septum (MS). Its reduction 
was correlated with cognitive impairments in single MMI-treated mice. Chronic SAK3 
administration significantly prevented decrease in OMP protein, serum T4 and MS ChAT-positive 
cells. These ameliorated effects were closely associated with improvement of cognitive 
impairments in MMI-treated mice. These results suggest that chronic SAK3 administration 
blocked hypothyroidism-induced cognitive decline through neuroprotective effects. In the second 
experiment, unlike single treatment, continuous reduction of OMP expression at least by 4 weeks 
was observed, suggesting that twice MMI-treated models are severer in OB functions than single-
treated models. Acute SAK3 administration significantly antagonized cognitive impairments in 
twice MMI-treated mice, an effects inhibited by MLA or NNC 55-0396. Moreover, acute SAK3 
administration did not restore the decreased OMP protein, serum T4 and septum cholinergic 
neurons in twice MMI-treated mice. 
[Discussion] Since olfactory bulbectomy (OBX) promotes retrograde degeneration of cholinergic 
neurons in the MS, disrupted morphology of glomerular structure in OB may contribute to 
reduction of cholinergic neurons in the MS in MMI-treated mice. Chronic SAK3 administration 
can rescue cognitive impairment by restoration of OMP expression and cholinergic neurons in the 
MS. The SAK3 treatment possibly promotes MS and hippocampal ACh release through 
enhancement of T-VGCC. The protection of cholinergic neurons is mediated by activation of α7 
nAChR. Furthermore, even prolonged OB dysfunction by repeated MMI-treated mice, SAK3 can 
improve cognition by ACh release stimulation in the MS and/or hippocampus. Although 
mechanisms underlying cognitive impairment by hypothyroidism are complicated, our results 
suggested a part of the mechanisms. Taken together, we provide a novel cognitive impairment 
model by disruption of OB function and ameliorated by novel T-VGCC enhancer SAK3. This is 
critical observation to resolve a question why AD patients are followed with OB dysfunction. In 
this context, the present study will establish proof-of-concept of SAK3 as novel AD and 
hypothyroidism-induced cognitive impairment. However further extensive studies are requested 




Figure 4: SAK3 protects injured neurons by MMI. MMI induce damage in the OB, thus 
triggers retrograde degeneration of cholinergic neurons in the MS. This event can alter synaptic 
function in the hippocampus and induce memory and learning dysfunction. SAK3 
administration rescues OB damage and MS cholinergic neurons degeneration, and finally 
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 本研究は甲状腺機能低下症マウスを用いて，新規認知機能改善薬である SAK3 が神経保
護作用によりコリン作動性神経の変性脱落を抑制し，さらに記憶形成に関わる CaMKII を
活性化することにより，甲状腺機能低下症モデルマウスの認知機能障害を改善することを
明らかにした。甲状腺機能低下症による健忘症・認知症に対して新しい治療法を提案した
点が大いに評価できる。 
 よって、本論文は博士（薬科学）の学位論文として合格と認める。 
